Introduction
Carnosine is a dipeptide that is synthesized from two amino acids, β-alanine and L-histidine, by means of enzyme of carnosine synthase. Availability of histidine and β-alanine in an organism is probably a limiting factor for synthesis of carnosine. Carnosine is found in poultry muscle tissue in different concentrations, depending on gender and tissue type (Intarapichet and Maikhunthod, 2005; Tomonaga et al., 2006) . Because of its physiological role, carnosine can be considered as a bioactive food component. Carnosine plays also an important role in physiological functions in human organism, it regulates cellular pH value, supports normal neurotransmission and slows down cell ageing. It is present in brain cells, heart muscle, kidneys, gizzard, cells of the sense of smell, as well as in skeletal muscles (Garibala and Sinclar, 2000) . Hu et al. (2009) determined antioxidative traits of carnosine, which can, especially if combined with vitamin E, significantly affect preservation of meat and meat products. Poultry meat is sensitive to oxidative processes that cause changes in taste and odor, as well as pigment loss. Tomonaga et al. (2006) investigated the supplementation of alanine to broiler feed (control, 0.5%, 1% and 2%) during the period of the 4 th to 8 th week of broiler fattening. The authors managed to increase content of carnosine in broiler brain, however, they did not succeed to increase carnosine content in broiler muscles. Ali et al. (2002) stated that stress in broilers affected lowering of live weight, carcass weight and meat quality. Broilers exposed to stress had ten times higher concentration of carnosine in breast muscles, and twice as higher concentration in thigh muscles than broilers deprived of stress. The aim of presented research was to enrich broiler muscle tissue with carnosine by supplementation of amino acid β-alanine to broiler diets (in amounts of 0.5% and 1.0%) during the last three weeks of fattening. Along with the enrichment of muscle tissue with carnosine, the research objective was to produce meat of satisfactory technological traits.
Materials and Methods
The research involved 75 Cobb 500 broilers, which were divided into three groups (25 broilers per each group). Up to 21 st day, all broiler groups were fed standard starter diet, and from 22 nd -42 nd day broilers were fed finisher diets supplemented with amino acid β-alanine. Control group (P1) was fed standard finisher diet, while diets fed to groups P2 and P3 were supplemented with 0.5% and 1% of β-alanine, respectively. Broilers were given diets ad libitum. Composition of diets is overviewed in the Table 1 . After completed fattening and 12-hour fasting, broilers were sacrificed and carcasses were processed according to the EC Regulation 543/2008, which determines rules related to the poultry meat marketing standards. There were 5 male and 5 female broilers selected randomly for analysis of carnosine in muscle tissue of breast (musculus pectoralis seperficialis) and thighs (musculus biceps femoris). Tissue samples were prepared according to the method described by Aristoy and Toldra (2004) , and concentration of carnosine was determined by the HPLC device (Varian, Palo Alto, CA, USA), with fluorescent detector and Zorbax ODS column, 4.6×250 mm (Agilent, Santa Clara, CA, USA). Prior to injection, the sample was derivatized with OPA reagent according to the method described by Interpichet and Maikhunthod (2005) . Portions of fat, water, protein and collagen were determined by FoodScanTM Lab NIR analyzer (Foss, Denmark; AOAC, 2007) . Referring to technological indicators of quality, pH1 value (45 minutes after slaughtering) and pH2 value (24 hours after slaughtering and cooling at ＋4℃) were measured by digital pH meter Mettler MP 120-B. Drip loss from breast muscle was determined according to the method of Kauffman et al., 1992 Chemical analysis of diets Ingredient, % * Composition of 1 kg premix "Kuškovit": vit. A 300,000.00 I.J; vit D3 40,000.00 I.J; vit E 600.00 mg; vit K3 40.00 mg; vit B1 20.00 mg; vit B2 120.00 mg; vit B6 40.00 mg; vit B12 300.00 mcg; vit C 300.00 mg; niacin 800.00 mg; pantothenic acid 240.00 mg; folic acid 10.00 mg; biotin 2.00 mg; choline chloride 10,000.00 mg; iodine 12.0 mg; iron 500.00 mg; copper 75.00 mg; manganese 1,600.00 mg; zinc 1,000.00 mg; cobalt 3.00 mg; selenium 3.00 mg; antioxidant 2,000.00 mg; calcium min. 38.00 g; sodium min. 23.00 g; methionine 55.000,00 mg; lysine 2,400.00 mg. cutting was determined by Warner-Bratzler blade attached to TA.XTplus Texture Analyser device. Resistance to cutting was measured on the left half of breast muscle. After freezing and storage at −20℃ for 14 days, the meat is removed from the refrigerator and thawed for 24 hours at a temperature of 4℃. The samples were sealed in plastic cooking bags and heat treated in water bath at a temperature of 85℃ for 25 minutes in order to reach meat temperature of 77℃. After cooking, the samples were cooled at a room temperature. Three samples measuring 3 cm×1.9 cm×1.9 cm were cut out of the middle of breast muscle, parallel to the muscle fibers. Each piece was then cut vertical to the muscle fibers by the Warner-Bratzler blade (Liu et al., 2004) . In this procedure, the speed of blade descending was 4.2 mm/s, distance of central part of blade from the base was 55 mm, and distance calibration of the blade from the base was 1 mm. Maximum power required for cutting of breast muscle sample (WBSF, N or kg) was calculated by using the Texture Exponent 4.0 software developed by Stable Microsystems. Cooking loss was determined on samples of breast muscle tissue, calculated as follows: cooking loss (%)＝{(sample mass before cooking (g)−sample mass after cooking (g)) / sample mass before cooking (g)}×100. Meat color was determined on samples of breast muscle 24 hours after cooling by means of Minolta Camera, model CR 300. The color was evaluated as: CIE L* for measurement of lightness, CIE a* for measurement of redness and CIE b* for measurement of yellowness. Calibration was performed by using the standard white plate (Referential No. 16733047, C Y＝93.0, x＝ .3134 and y＝.3195; D65 Y＝93.0, x＝.3159, y＝.3324). Prior to color measurement, fresh vertical cut was made in the middle of breast muscle. The sample was left for 10 minutes at a room temperature to "stabilize" the color, upon which the color of muscle tissue was measured. Values of lipid oxidatsion products (TBARS) in breast and thigh muscles were determined by methods of Vyncke, W. (1970) , and Lemon, D.W. (1975) . Research results were analyzed in StatSoft, Inc. (2007) . STATISTICA (data analysis software system), version 8.0. All data were statistically analyzed using multiple-stage test (Duncan's).
Results
Concentration of carnosine in breast and thigh muscle tissue of Cobb 500 broilers as of their gender is presented in the Table 2 . Female broilers in P1 and P2 groups had higher values of carnosine in breast muscle tissue than male broilers, while P3 group exhibited more favorable deposition of carnosine in male broilers. Female broilers in the groups P1 and P3 had higher concentration of carnosine in thigh muscles, while it was the opposite in the group P2, if referring to broiler gender. If compared to the control, supplementation of 1% β-alanine to broiler diets during the last three weeks of fattening resulted in increased concentration of carnosine in breast muscle of female broilers for 19.11%, and in male broilers for 21.86%. If referring to muscle tissue of thighs, supplementation of 1% β-alanine to broiler diets affected increase in concentration of carnosine in females for 40.82%, and in males for 41.39%. In comparison with the control, supplementation of 0.5% β-alanine to broiler diets significantly increased concentration of carnosine in thigh muscles of females for 39.62%, and of males for 49.96%, which did not occur in breast muscles because more efficient synthesis and deposition of carnosine in breast muscles was determined only in the feeding treatment with 1% β-alanine supplemented to broiler diets. Table 3 presents an overview of nutrients in muscle tissue of breasts and thighs of Cobb 500 broilers. Thigh muscles contained higher portions of fat (5.44%-8.16%) and collagen (1.06%-1.28%) than breast muscles. Statistical analysis showed that 1% of β-alanine dietary supplement significantly lowered (P＜0.05) portion of fat and collagen in thigh muscle tissue. Higher portions of water (75.99%-76.04%) and protein (22.12%-22.96%) were determined in breast muscles than in thigh muscles (73.81 %-75.85%, i.e. 18.36%-19.58%). It was obvious that the Kralik et al. Thighs content of protein in both muscle tissues increased by supplementation of β-alanine to broiler diets, but the differences between groups were not statistically significant. Table 4 presents technological traits of breast muscles per each broiler group. Group P1 had lower value of pH1 in breast muscles than P2 and P3 (5.95:6.03:6.02, respectively), however, the differences were not statistically significant, neither were the differences in pH2 values (P＞0.05). After the slaughter, there was lactic acid accumulated in broiler muscles. Final pH2 value in broiler breast muscles was between 5.6 and 5.9, and in thigh muscles it was higher, being between 6.1 and 6.4. When poultry was in a stressful condition before slaughter, reduced glycogen reserve occurred in muscles, and pH2 value was kept above 6.4. Such condition caused occurrence of DFD meat (dark, firm, dry). High pH value does not allow proper decomposition of protein in muscles. Drip loss values were lower in experimental groups than in control, however, differences were not statistically significant. There were statistically significant differences determined between groups (P＜0.001) referring to the portion of cooking loss in breast muscles. The least cooking loss was determined for group P2＝21.49%, then P1＝24.23 %, and the highest cooking loss was in P3＝33.29%. The values CIE L* for breast muscle color were higher for P1 than for P2 and P3 groups (55.29:54.11 and 53.34, respectively), but differences were not statistically significant (P＞ 0.05). Results for softness of muscle tissue did not prove statistically significant differences between groups, however, the group P3 had the least value of WBSF. According to their texture, breast muscles of that group had the softest muscle fibers, which is desirable from consumers' point of view. Intensity of yellowness (CIE b*) in breast muscle tissue was balanced in groups P1 and P2, and it was slightly higher in P3, but these differences were not statistically significant. However, intensity of redness of breast muscle tissue (CIE a*) differed significantly between groups (P＜ 0.05). and P3 exhibited lower values (0.352 mg MDA/kg of tissue and 0.350 mg MDA/kg of tissue, respectively), however, no statistically significant differences were determined. Although it was stated that time of storage of muscle tissue did not influence TBARS values, more intensive oxidation was marked in the group P1 where TBARS increased for 15.52%, while increase in lipid oxidation for the group P2 was negligible, being only 3.13%. It is important to mention that during storage time sample of the group P3 exhibited decrease in lipid oxidation for 14%. Since muscle tissue of the group P3 exhibited the highest concentration of carnosine, it was expected that antioxidative effects of carnosine shall positively influence meat preservation.
Discussion
Intarapichet and Maikhunthod (2005) reported that concentration of carnosine in broiler muscle tissue was affected by their gender and genotype. In breast muscles of four-line hybrid broilers, the mentioned authors determined concentration of carnosine of 1200.05 μg/g of female tissue and 684.82 μg/g of male tissue. Comparing these values of carnosine concentration in breast muscle tissue with our values within standard dietary treatment of broilers, there was lower concentration of carnosine determined for female broilers for 36.53%, while male broilers in the presented research exhibited higher concentration of carnosine in breasts for 9.62 %. However, values for concentration of carnosine in thigh muscles were higher in our research, in female broilers for 24.55%, and in male broilers for 31.28%. In the research of Kralik et al. (2010) , while feeding diets of standard composition, there were higher concentrations of carnosine determined in breast muscles of female broilers than of males (971.37 μg/g, and 932.84 μg/g, respectively, P＞0.05) . Intarapichet and Maikhunthod (2005) , and Abe and Okuma (1995) determined that, besides gender, concentration of carnosine in broiler muscle tissue was influenced also by genotype. Therefore, it can be assumed that influence of genotype was the reason for higher carnosine concentrations in breast tissue in the authors' previous research, since it involved broilers of the Ross 308 provenience. Tomonaga et al. (2006) stated that the addition of β-alanine in chicken feed could affect brain function (carnosine and anserine concentrations increase in the brain), but it does not affect the concentration of carnosine and anserine in muscles. Tomonaga et al. (2012) fed chicken orally a solution containing different β-alanine ratios. Results of this study suggest that the addition of β-alanine could influence the content of carnosine in the brain and muscles. Suchý et al. (2002) obtained similar results referring to chemical content in muscle tissue of breasts and thighs for the Cobb hybrid. Fletcher (1999) studied correlation of breast muscle color and pH2 values. On the basis of obtained parameters, muscle tissue was classified to lighter than normal (CIE L*＞ 48.8 and pH2 5.63), normal (48.8≥CIE L*≤43.1, values were on average 45.6 and pH2 5.70) and darker than normal (L*＜43.1 and pH2 5.81). Accordingly, there is a clear correlation between CIE L* values and pH2 values in broiler breast muscles. Color of muscle tissue is important for consumers' perception; therefore produced meat shall have optimal values for color. Van Laack et al. (2000) classified breast muscle tissue as lighter than normal (CIE L*＞60.0) and normal (CIE L*≤55.0). If referring to values for color of breast muscle tissue of above mentioned authors, samples of groups P2 and P3 had normal color, and value of the P1 group was marginal. Drip loss values for breast muscle were between 3.09% and 4.14%, which were higher than usual. This pointed out that, according to Van Laack et al. (2000) , white meat of all groups differed from "normal" meat. Texture (firmness or softness) of meat, along with taste and odor, represents one of the most important sensory traits of meat. Texture of muscle tissue is affected by many structural and metabolic factors, of which the most important are the content of connective tissue, level of interlinking peptide chains within the collagen molecules, final pH value, sarcomere length, activity of proteolytic enzymes (calpain and cathepsin) and intramuscular fat content. It is known that muscle tissue with a greater amount of connective tissue shall be firmer. Measurement of resistance to cutting is particularly interesting because some studies indicated that this trait was linked to other indicators of meat quality. In his researches, Taubert (2001) found out that samples of turkey breast with higher WBSF value had accelerated decline in initial pH values and improved electrical conductivity, while samples with lower WBSF values were lighter in color (had higher b* value), which was the case in the group P3 of present research. Hu et al. (2009) supplemented broiler diets with 0.5% carnosine in the last three weeks of fattening and determined greater weight of breast and thigh muscle tissues, Kralik et al. 
